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Abstract 
INTRODUCTION 
Constructivism as a philosophical belief argues that coming to know is not the 
discovery of some pre-existing reality but the subjective personal interpretation of that reality.  
Elements of constructivism can be traced back through the aeons from Dewey in the early 
twentieth century, to Comenius in the seventeenth century to the Greek philosophers.  
Constructivists posit that knowledge is the representation that individuals hold of the physical 
and social world and accords with their previous experiences (e.g. Coburn, 1995; Driver, 
Asoko, Leach, Mortimer, & Scott, 1994, Tobin, 1993).  Knowledge is developed by active 
mental engagement with experiences, not passively received from the environment.  
Therefore, understanding becomes a process of adaptation based on and continually adjusted 
by the learner’s experiences. The implications for teaching suggest that while information 
may be shared with students, knowledge generation or understanding is the responsibility of 
the student.  Therefore the teacher’s responsibility is to provide the support for the student to 
become a learner (Fenstermacher, 1986). 
However, constructivism is yet to make an impact at the classroom level as a referent 
for teacher actions in the teaching of science (Tobin, Tippins, & Hook, 1993).  Among the 
reasons for this may be the reluctance of teachers to adopt new strategies without convincing 
evidence that the changes are beneficial and worth the effort (Sevilla & Marsh, 1992; 
Summers & Kruger, 1994).  In this paper we explore the role of constructivism in the early 
years of primary school by describing an intervention that attempts to develop a social 
learning environment facilitatory of children learning science. 
TEACHING AND LEARNING IN EARLY CHILDHOOD SCIENCE 
Early childhood teachers in general adopt an integrated approach to teaching focusing 
on learning as a wholistic experience.  However, as many primary and early childhood 
teachers lack confidence to teach science (Goodrum, Cousins, & Kinnear, 1992), and have 
limited understanding of the nature of science (Brickhouse, 1990), the extent to which science 
is integrated into programmes for young children is limited.  Furthermore, it is clear from 
extensive research on teacher behaviour that strategies adopted by teachers are related to their 
confidence to teach.  Firstly, science teaching tends to be didactic with “teacher talk” 
dominating the classroom (Cazden, 1986).  The teacher is frequently seen as a manager of 
children’s learning with the power and knowledge to share with children his or her 
knowledge.  Scientific knowledge is seen as information, facts and detail to be learned from a 
book, or transcribed from a board, and recalled at will.  Children are informed about the 
natural world and given limited opportunities to explore their environment, gather evidence 
and interpret this evidence for themselves.  
Secondly, curricula have advocated that the goal of science education in early childhood 
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settings is to provide hands-on experiences that are developmentally appropriate for children. 
The influence of  Piaget (1970) encouraged “hands-on” science with the expectation that 
through concrete experiences children would develop skills in reasoning appropriate to their 
stage of cognitive development which was determined by age.  Piagetian developmental 
theory implied that children had little control over their readiness or capacity to learn and that 
abstract thinking was beyond the capacity of young children.  Consequently, discourse was 
typified by language appropriate to a particular stage of development.  Bruner’s (1961) 
advocacy of discovery learning also encouraged the use of hands-on materials but its 
interpretation cast the teacher in a passive role assuming that learning occurred by individuals 
“trying to figure out things for oneself”.  Thus the teacher either played a transmissive role 
presenting information that the children dutifully copied or provided activities to engage the 
children physically.  If children were engaged in hands-on activities, learning was believed to 
be occurring (Prawat, 1992).   
Constructivist philosophies challenges teachers’ beliefs of their role and that of 
children.  Learning occurs through the use of language and communication which is dialogic.  
That is, as Bakhtin says: “Truth is not born nor is it to be found inside the head of an 
individual person, it is born between people, collectively searching for truth in the process of 
their dialogic interaction” (Morson & Emerson, 1990 p. 60) or as Goodman (1986) asserts 
that knowledge is built by “the dialectical interplay of many minds not just one mind” (p. 87): 
The constraints of beliefs about children’s cognitive development and assumptions about the 
role and appropriateness of hands-on activities have also been challenged.  Metz (1995; 1997) 
has refuted the limits of Piagetian stage theory in the context of learning science.  She argues 
persuasively that young children are capable of engaging in higher order reasoning beyond 
that predicted by a Piagetian stage theory.  Her contention is that research has ignored the role 
of personal experiences, has not incorporated opportunities for scaffolding and has assumed 
that children have limited metacognitive knowledge.  Thus she hypothesises that if one could 
overcome the constraints of limited domain specific knowledge and the weakness of 
children’s metacognitive skills then with judicious scaffolding it should be possible for them 
to pose questions, gather and interpret data and revise theories, that is, to engage in authentic 
scientific inquiry and abstract reasoning.  A constructivist-inspired approach to teaching can 
provide an environment conducive to the development of scientific knowledge.  However, 
teaching science in a constructivist manner is not easy. 
The Constructivist Approach 
Teaching influenced by constructivist principles should provide opportunities for 
children to co-operate, to develop skills in critical and creative thinking, and to explore new 
phenomena through which meaningful learning can occur. In a context where power is 
perceived to be shared, students are encouraged to challenge each other’s ideas and those of 
the teacher (White & Mitchell, 1994).  Once students accept that they can control their own 
learning, then failure reflects on them and not the teacher.  Thus, knowing how to manage 
learning  metacognition  becomes an important facet of effective constructivist learning ( 
).  The salient aspects of teaching and learning are summarised in Table 1.  These 
assumptions have framed the development of the learning environment manifested in the 
intervention to be described.  The constructivist-inspired learning environment goes beyond 
just “hands-on” activities in which children explore isolated phenomena to strategies where 
children engage mentally, socially and physically in exploring meaningful phenomena from a 
perspective or world view that espouses the tenets of science. 
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Table 1 Roles for teachers and learners in a constructivist learning environment. 
Perspectives on learning Implications for teachers Expectations of learners 
Learning occurs through 
social interaction (Bereiter, 
1994; Bereiter & 
Scardarmalia, 1992; Brown 
and Campione, 1990; 
Collins, Brown, & Newman, 
1989; Lipman, 1988; 
Vygotsky, 1962, 1978) 
to implement a culture of 
learning involving authentic 
scientific discourse in a risk-free 
environment conducive to 
discussion, debate, 
argumentation, monitor group 
dynamics, whilst maintaining 
concern for individuals 
Accept responsibility for 
learning, develop collaborative 
orientation, acknowledge 
learning involves collegiality 
Learning involves 
communication (Morson & 
Emerson, 1990; Orsolini & 
Pontecorvo, 1992; Toulmin, 
Rieke, & Janik, 1984) 
to develop discursive practices 
that engage all learners in 
sharing, questioning, reflecting 
on and challenging ideas; to 
move from authorative to 
facilitative  discourse 
confidence to challenge asser-
tions, to seek justification and 
warrants for arguments and to 
appropriate discursive practices 
that allow for negotiation of 
meaning 
Power as shared and 
negotiated (White & 
Mitchell, 1994) 
risk-free environment, 
negotiation of learning tasks, an 
acceptance of the tentative 
nature of scientific knowledge 
willingness to contribute, co-
operate, develop curiosity, self-
regulate 
Teacher is a active guide 
(Bruner, 1978; Prawat & 
Floden, 1994; Rosen-shine & 
Meister, 1992;) 
To scaffolding learning by 
monitoring, tuning and fading of 
support and to anticipate and 
develop opportunities for 
children to explore interests 
willingness to seek support 
when needed and share 
experiences with teacher and 
peers  
Knowledge is situated: 
domain specific knowledge 
(Alexander, 1996; Prawat & 
Floden, 1994)  
a breadth of knowledge of 
science and understanding of 
key ideas of science, use of 
appropriate terminology, 
personal curiosity and 
willingness to learn, 
to be able to use knowledge 
from a scientific world view 
Knowledge is relational 
(Thagard, 1991; Lee & 
Brophy, 1996). 
explicate prior knowledge, link 
ideas, to implement 
investigative, inquiry, project-
based knowledge production 
linking experiences, identifying 
relationships, seeking problems 
and implementing solution 
strategies 
Metacognition (Borkowski & 
Turner, 1990; Pintrich, 1989; 
Schoenfeld, 1985; Schunk & 
Zimmerman, 1994) 
questioning the answers, 
modeling reasoning, sensitivity 
to individual learning styles, 
awareness of one’s own problem 
solving strategies 
reflect, explain, justify, plan, 
reason analogically, awareness 
of self as a problem solver 
Physical environment well resourced with materials 
and information sources, 
technology, multiple exemplars 
of core or key concepts, safe, 
aesthetic  
responsibility for care, sense of 
ownership, development of 
resources 
THE PROGRAMME 
The programme is an enrichment class for young children aged 5-8 years with an 
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interest and aptitude for science and has been described in detail elsewhere (Watters & 
Diezmann, 1997a, 1997b).  These children are nominated by teachers and come from a 
number of schools.  The children attend for an hour and a half once a week for 10 weeks after 
school.  In this programme they explore a range of activities that help them to understand 
physical concepts such as gravity, pressure, light, sound, movement and electricity.  Each 
week the programme attempts to engage children in problem solving about issues that are 
related to some key idea.  For example, early in the programme the children may explore 
force and air pressure by constructing a number of flying devices (parachutes, paper planes, 
rockets).  They then proceed to explore other examples of pressure or gravity through a 
thematic approach they may for example involve planning an expedition to a planet.  This 
allows them to engage in activities that develop experiences with sound, light and motion.  
Constantly, the teacher encourages children to relate what they learn in each activity back to 
core ideas of force and pressure.  Over the ten weeks the programme develops to a point 
where children become involved in inquiry science and are able to work on projects of 
interest to them.   
The programme has three phases that have different goals; a familiarisation phase, a 
skill development phase, and an autonomous phase.  The strategies were aimed at developing 
a community of learners with common purpose within a scientific context by intervention at 
the individual and group levels (Rogoff, 1997).  During the familiarisation phase the 
emphasis is on establishing a warm, supportive and exciting environment in which children 
form social relationships with their peers and develop a rapport with the teacher.  Many of the 
children are very interested in science and have an amazing store of information and hence 
they tend to dominate discussions or not listen to, or value, the contributions of other 
children.  Such behaviour mitigates against the development of links between ideas and 
reduces opportunities for the evaluation of alternate view points (e.g. de Bono, 1985).  Hence, 
communication skills are developed by planning activities that require team work, by 
providing opportunities for all children to contribute to discussions, and by establishing an 
expectation that others listen to the speaker. 
OUTCOMES 
Framework for Analysis 
The characteristics of a constructivist-inspired learning environment should be 
demonstrable through the participants’ discourse (Bruner & Haste, 1987).  The dynamics and 
As the programme progresses and more is known about the interests, abilities, and 
needs of each child the supportive environment provides the opportunity for enabling children 
to develop problem solving skills and autonomy in learning.  During the skill development 
phase, the activities focus on cause and effect, and the influence of variables on the outcome 
of any problem.  The teacher during this phase encourages children to become more 
independent in problem solving and to become metacognitively aware of their problem 
solving strategies. 
In the final phase  the autonomous phase  children are encouraged to work together 
in teams to solve a common problem, for example, planning an expedition to Mars.  The 
children were able to form groups with specific tasks such as provisioning or producing 
models of space stations or vehicles.  Teams then report and review their progress through the 
final phase.  Program-home interaction is stimulated through personal contact with the 
parents, a newsletter, and by encouraging the children to follow-up activities at home.  Such 
“homework” is optional and open-ended and provides an avenue for children to 
independently pursue their explorations. 
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patterns of behaviours are seen in a number of episodes in terms of the development of 
conceptual knowledge and the appropriation of a culture of working in a scientific context.  
The important role of scaffolding in achieving these goals is also evident.  In this paper we 
can only report on representative data and therefore we will examine a single episode in the 
final week and its antecedent history for evidence of the components of a constructivist-
inspired environment.   
The episode 
The key episode was initiated when one child Ann, brought to the class a poster 
summarising some readings she had done during the week.  Ann made an assertion that life 
existed on Mars.  This comment set off a prolonged discussion about the evidence in support 
or against her assertion.  The background to this incident had commenced much earlier in the 
programme when children were exposed to a range of experiences that contributed to an 
understanding about life on Mars.   
The development of conceptual knowledge 
The programme did not involve any deliberate transmission of information about the 
planets or Mars in particular.  Opportunities to engage in knowledge construction were more 
seductive.  In early sessions segments of a video that related many events preceding the 
landing on the moon was shown to illustrate the issues, problems and importance of team 
work.  However, the video did contain information about conditions of space travel.  
Subsequently, children’s ideas about space in general were elicited through discussion and 
represented as a concept map.  As the weeks progressed the students accessed a variety of 
information sources and were encouraged to extend their conceptual knowledge.  The 
children regularly reported in communal discussion on their beliefs which ranged from 
assertions of aliens in space to a well articulated description of plant photosynthesis.   
Further exploration of specific ideas were addressed in later weeks.  For example, the 
teacher drew upon current news in week 9 and presented a recent newspaper cutting that 
suggested there existed life on Mars based on the discovery of fossilised remains of bacteria 
in a meteorite.  Subsequently, a newspaper heading that announced life existed on Mars and 
that sleeping bags had been found on Mars was presented.  This latter article was an 
advertisement capitalising on the recent fossil find and accompanying media attention.  A 
discussion of the advertisement convinced all but one child that the article was fantasy.  By 
the commencement of the final week, it was evident that most children had undertaken 
extensive research on Mars and had contributed to discussions of Mars and space travel in the 
workshops.  Thus, the understanding possessed by the children was qualitatively more 
sophisticated and extensive as summarised in Table 2 than at the commencement of the 
programme.  
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Table 2 Knowledge shared by the class community 
Properties of Mars 
 
Explicit knowledge and implications of conditions such as colour, 
atmosphere, distance, temperature, land forms, ice water, and seasons. 
Weather A clear understanding of the implications of a minus 100 degree temperature 
and weather patterns, such as dust storms. 
Atmospheric 
properties 
Understandings about the significance of carbon dioxide and oxygen for 
plant and animal life. 
Community Discourse  Science is Argument 
The discussion that ensued subsequent to Ann asserting that life existed on Mars 
exemplifies the development of the community of learners which, as a group, possessed both 
the domain specific and metacognitive knowledge to engage in the reasoning processes 
typifying scientific thinking.  Ann brought with her from home some drawings she made 
when reading about Mars in an encyclopaedia.  Ann’s assertion was that, from her reading of 
books and interpretation of the differences in amount of the green colour around Mars shown 
in drawings, she would predict that life existed on Mars.  Christian spontaneously initiated a 
counter argument stating that he was: “totally the opposite.”  
In response to this opposition she reacted in two ways.  Firstly, she challenged Christian 
to provide an alternative explanation of the colour: “what is the green?”  Christian did not 
respond to this question directly instead resorted to the counter argument “there is no life 
anywhere in space only on earth.”  Secondly, she sought corroboration from the remainder of 
the group: “well what about everybody else?” 
A number of children interjected to support Christian’s view point.  The key ideas that 
were used to counter Ann’s proposition were drawn from factual information collected either 
through discussion in previous sessions or through independent reading initiated as an 
extension of earlier sessions.  That is, conditions on Mars were inappropriate for life.  
Support for these beliefs drew upon posters and books that stated life existed only on Earth 
and there was an absence of air on Mars.  The central idea obtained from these readings was 
that there was no oxygen on any planet except Earth.  The children reasoned that in the 
absence of oxygen then life (interpreted as human life) could not exist on Mars.  No member 
of the group challenged Ann’s interpretation of her pictures that the colour was a genuine 
representation of conditions on Mars.   
In response to the counter arguments, Ann continued to develop her proposition by 
answering each argument and clarifying her reasoning.  For example, she extended her 
conclusion by the statement that the melting of the ice caps provided water which enabled the 
plants to grow, a phenomenon that was represented in the changing band of colour.  
Furthermore, she continued to challenge all to provide better explanations of the data or of 
her reasoning.  For example, she retorted:  
Because what  what can the green be?  Can it either be just the colour, or can it be 
something to do … Mars, or can it be or can it be the colour of Mars or can it be plants. 
Whereas Ann accepted evidence presented concerning the temperature and inhospitable 
conditions, she indicated that these data were not inconsistent with the conditions for the 
existence of plant life.  Nobody had actually challenged her interpretation of the green colour, 
they had only presented evidence that human life would be unlikely.  
A number of children supported Ann’s conclusion but for reasons unacceptable to her.  
For example, Charles agreed with Ann’s conclusion that life exists on Mars but justified his 
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stance with evidence concerning the finding of sleeping bags: “Um I think there is, yes 
because um if there is sleeping bags there and no one owns them, owns them, how how could 
no one own them  someone has to be on there.”  The identification of major flaws in his 
argument was accepted by all the group.  
In addition, Cathy was supportive of Ann accepting the existance of plants but not 
seeing plant life as true life.  She reasoned however, that if there were plants on Mars then 
there must be “human” life: “how could plants get there if nobody is there to water them?”.  
Ann responded to Cathy’s support by clarifying her proposition: “well nobody waters them 
(plants) it is the ice in summer it gets real hot there and the ice starts to melt and it trickles 
down.” 
With the exception of one child all children either supported or rejected Ann’s 
proposition.  In contrast, Neil was undecided.  He critiqued Ann’s position: 
Well um .... There could be that group or that group um well there could be I suppose, 
you know that green colour, that the green could be the carbon dioxide, it sort of, sort of 
covers the clouds, or it could be the ground and it could also be the plants …  
He also critiqued the counter-argument because he was critical of the source of 
evidence suggesting there was no life on Mars: “Yeah but that is only a poster from a few 
years ago there could be some...”.  He finally asserted that there “could be life” but remained 
open-minded.  
Despite her strong stance, Ann recognised that her argument was subject to verification 
and that she finally conceded that: “nobody actually knows until they actually go to Mars.” 
The issue evident in this interaction is the level of sophistication of the discourse.  The 
children were able to identify fallacies in other’s arguments and were prepared to reconsider 
their own positions.  While some children held tenaciously to their beliefs they were critiqued 
and encouraged to see alternative perspectives by other group members. Ann played a major 
role in this interaction and capitalised on the situation to express her views and support her 
peers. 
Clearly a social identity existed as an inextricable part of the context.  Throughout the 
interaction, a number of students displaying unrestrained enthusiasm.  Although, some of the 
children were shy and reluctant to take part publicly they nevertheless maintained an extreme 
level of attention.  Others in the group supported their participation.  For example, Max, 
encouraged some of the quieter children to “have your say”.  
This vignette of the programme indicates that the children were in the process of 
making sense and meaning of the issue under consideration.  They drew upon individual 
knowledge and previous experiences to contribute to the discussion.  They had opportunity to 
express ideas and to challenge the ideas of others.  Informal evaluation carried out at the end 
of the session did suggest there had been a progression in their scientific understanding of the 
issue surrounding life.  The dynamics of this session did not occur without deliberate 
intervention by the teacher through scaffolding of the discourse. 
Scaffolding 
Scaffolding played a key role in developing the environment for this interaction.  The 
discussion was supported throughout by the teacher providing scaffolding at both individual 
and group levels.  Whilst individuals and small groups were provided with scaffolding 
support throughout the programme the support of the teacher in manipulating and 
encouraging the interactions in the whole group was important.  The episode involving Ann’s 
and Christian’s argument about life on Mars was analysed for patterns of discourse that 
focused on the differences in conversational turns and the types of utterances contributed by 
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teacher and children.  Utterances are considered sentences, statements and communicative 
actions that communicate an intent or idea.  Figure 1 presents a comparison of the types of 
utterances from teacher and children.  
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Figure 1.  Analysis of types of utterances by children and teacher as percentages of total 
utterances of each. 
The major role played in the discussion by the teacher involved facilitating and 
scaffolding interaction by making statements of organisation which served the purpose of 
maintaining the momentum of the discussion, and ensuring or supporting participation.  
Requests for explanation and answers, statements that rephrased the previous speaker’s 
utterance, and requests for clarification of the previous speaker’s points amounted to 
approximately 50% of the teachers’ discourse.  These served the purpose of scaffolding the 
argument by cueing, or highlighting important points. Notably, there were no statements that 
evaluated or provided information, and few that attempted to explain, or expand on ideas.  
With scaffolding children were able to put more effort into applying or reflecting on the 
dialogic process.  They explained, provided answers and identified sources of information to 
support their argument.  They requested more answers from their peers and evaluated peers 
more than the teacher, actions that sustained the argument.   
CONCLUSIONS AND IMPLICATIONS 
The strategies implemented in this programme are congruent with the aims of 
constructivist teaching.  In a classroom influenced by a constructivist approach, the student-
teacher relationship is based on the recognition that children have prior experiences with the 
physical world and the science therein, and that they have built unique understandings of 
concepts.  The teacher provides opportunities and experiences that allow children to build on 
prior knowledge, identify their misconceptions and to seek understandings that are more 
personally believable.  Explicit in a constructivist-inspired classroom is the willingness of the 
teacher to negotiate content, to ensure relevance of content, and to encourage children to 
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initiate activities, so that they become autonomous learners.   
Language and discourse provides the medium through which the learning of science 
occurs in this programme.  Through language children have engaged in dialogue where ideas 
are heard, shared and critiqued.  The activities provided first hand shared experiences to 
stimulate discourse.  Activities also provide opportunities for children to elaborate and 
produce knowledge.  Thus, language in all its forms was paramount. Discourse, 
communication and autonomy became essential features of the learning environment.  A 
discourse that involves interactions between child and child, child and teacher and child and 
parents frames the mechanisms through which cognition develops. 
This episode described highlights the difference between a transmissive and 
constructivist environment.  Notably the organisation reflected a balance in control between 
children and adults.  While management issues were substantially the province of the teacher, 
control over content rested heavily with the children.  They were able to pursue their own 
interests, express their own beliefs without “fear” of contradiction in an evaluative or 
authoritarian fashion and were encouraged to query the content of the tasks.  Engagement in 
tasks was governed by interest, not outcomes or pre-determined objectives.  When, for 
example, in the episode described here presented itself the task was persisted with until it was 
evident that its “value” was exhausted.  Even within the episode, deviations to discuss the 
chemical nature of carbon dioxide or the meaning of minus as a measure of temperature were 
encouraged.  The major role of the teacher as a conductor or parliamentary speaker in 
metacontrol of the discourse was clearly important.  Questioning was not reductionist and 
hence simplifying, but by engaging in requesting explanations the cognitive demands were 
raised. 
The patterns of discourse established in the programme encouraged children to collect 
information, to test ideas, to evaluate results and to be ready to review and revise previous 
beliefs.  Whilst this paper provides only a narrow vignette of the culture of the classroom the 
children had come to accept certain norms and behaved accordingly.  Key components of the 
socio-cultural environment included scepticism, a view of the tentative nature of knowledge, 
the practice of questioning beliefs and the need to justify beliefs.  The children were active 
and challenging of each other and the teacher’s actions. 
The reactions from the children and their parents highlighted the differences between 
this approach and that which they experienced daily in formal school settings.  The keenness 
and enthusiasm that the children displayed was encouraging.  Absenteeism was rare, 
“homework” was done with spontaneity and children frequently shared their experiences with 
parents and friends outside the classroom. Work by the authors continues to develop the 
processes within normal classroom contexts. Whist in early childhood settings many content 
areas are integrated through a wholistic approach to teaching this frequently does not include 
science for reasons previously alluded to.  Therefore, it is important that teachers of science 
have a broad understanding of science or are prepared to research topic areas before teaching.  
However, possibly more important is that teachers acknowledge the potential of children to 
engage in higher order thinking characteristic of science and give them opportunities to do so.  
Hand-on experiences are central to teaching science but intellectual engagement through 
dialogical discourse, that is, argument and debate exploits these experiences for the benefit of 
children construction of knowledge. 
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